Abstract
An important characteristic of the epidemiological transition in Western societies is the tendency towards increasing incidence of allergic diseases, which has been attributed to environmental, demographic, and socio-cultural factors. The subject has been the focus of intensive research efforts, and recent discoveries and theoretical formulations introduce new elements into the discussion of disease etiology. New discoveries and questions provide fascinating examples of important transformations in scientific knowledge.
The principal line of epidemiological investigation focused on the rising incidence of allergic diseases revolves around the so-called hygienic hypothesis, which establishes a link between the etiological debate surrounding these diseases and infectious diseases. The hygienic hypothesis postulates that the decreasing incidence of infectious diseases has been the primary factor behind the increasing incidence of allergic diseases in industrialized countries. In addition to investigating the environmental factors involved in this phenomenon, the research has attempted to reveal the biological mechanisms that interconnect the decrease in infectious disease to the increasing frequency of allergic diseases.
The purpose of this article is to systematize the principal research results on this subject, thus presenting the foundations of a hypothesis for a research project. The article defends the idea that the current discussion of the hygienic hypothesis allows for a prediction of significant transformations in the understanding of disease etiology, possibly even as important as those taking place during the 19 th century and which led to the constitution of modern medicine.
The hygienic hypothesis
The incidence of asthma, rhinitis, and atopic dermatitis began to increase during the 1950s, and this tendency continues today. During the same period, there was a clear decline in the incidence of many infectious diseases in the industrialized countries 1 . Western lifestyle is generally understood as a factor in the increasing predisposition towards allergic diseases. Improved socioeconomic and hygienic conditions resulting from the development process in Western societies are felt to have brought about this epidemiological change. Several epidemiological studies found less frequent incidence of allergic diseases among people living in underdeveloped regions.
An important study that demonstrates this relationship, and one of the studies most often cited in the literature, reports the results of an investigation undertaken in Germany shortly after unification, from 1991 to 1992. The prevalence of asthma and other atopic diseases was significantly greater among children from West Germany as compared to those from East Germany, regardless of their common genetic base 2 . In Brazil, a study in Pelotas, Rio Grande do Sul State, found a significant positive association between asthma and high socioeconomic class, small families, and breastfeeding for more than nine months 3 .
The increasing rates of asthma and other allergies could result from progressive Westernization, affecting first the richer classes and later the poorer populations. This is the conclusion reached by a study that showed an increase in allergic asthma among low-income minority groups living under precarious hygienic conditions in the USA during the 1970s 4 .
The Western lifestyle characteristics most debated as possible causes for the rising frequency in the prevalence of allergies are: more use of antibiotics, antimicrobial additives in food, widespread vaccination, and less exposure to rural environments 1, 5, 6 .
Considering these factors, Alm et al. 7 found a significantly lower prevalence of allergic disease in children at anthroposophical schools in Sweden. Independently of the income level of its followers, anthroposophy encourages a lifestyle that restricts the use of drugs (antibiotics, antipyretics, vaccinations) and industrialized foodstuffs. Food is organic and locally produced, with consumption of fermented vegetables and lactobacilli. The study suggests that nutritional factors and the relatively small number of measles vaccinations are related to this finding 7 .
The debate put forward by this research points out that these findings do not allow for testing a specific etiological hypothesis 8, 9 . Strachan 9 argues that the most specific explanations for the hygienic hypothesis are still inconsistent, despite the fact that the generic evidence supporting it is important. Very little progress has been made in the investigation of infection types, locations, and times. According to the author, specifying the exposures that can influence the allergies' epidemiological pattern is the greatest challenge. Matricardi et al. 8 disagree that reducing measles immunization coverage is a protective factor against allergies. They contend that there are probably fewer atopies among children of families with an anthroposophic lifestyle because they exhibit differentiated microbial stimulation.
Martínez 10 emphasizes that the inverse relationship between measles infection and allergic disease is controversial, and he proposes that one of the most consistent findings in the published research is that the farm environment favors children's growth significantly more and protects against the development of atopies. The lower prevalence of atopic diseases in individuals raised on farms is attributed to the greater range of exposure to microorganisms and bacterial products such as lipopolysaccharides 11 .
Bach 1 points out that the frequency of intestinal infections declined in developed countries as compared to underdeveloped countries, especially among children. Gram-negative bacterial colonization occurs later in children in developed countries compared to children in underdeveloped countries. The administration of non-pathogenic lactobacillus in pregnant women and their newborns diminishes the incidence of atopic dermatitis in those children 1 .
Matricardi et al. 12 demonstrated lower frequency of respiratory allergy in individuals heavily exposed to foodborne and orofecal microbes. This research group sustains the hypothesis that orofecal commensals or pathogens stimulate the lymphoid tissue associated with the intestine. This stimulation may be important for the mucous immune system's maturation and, when inadequate or insufficient, could increase the risk of atopy 12 .
The immune system's maturation processes, during which stimulation by infectious agents can be important, can occur principally during early infancy 1, 6, 13, 14 . Weiss 6 affirms that the innate immune system's stimulation by endotoxins (lipopolysaccharides that form the outer cellular membrane layer in all gram-negative bacteria) could be important in the normal immune system's ontogeny. Premature exposure, during the immune system's development, seems to be the most important factor for protection against developing allergic diseases. Consequently, the administration of antibiotics during the first year of life is suspected of increasing the risk of asthma and allergy in children genetically predisposed towards atopy 1, 14 .
The survey taken between 1995 and 1996 among the East German school population 15 , using the same methodology as the previous study 2 is in agreement with this hypothesis. This study found a significant increase in the prevalence of atopic sensitization in general, but no significant increase in asthma during that period. This was interpreted according to the hypothesis that factors favoring the appearance of asthma would take effect mainly during early infancy (the children studied were three years old in 1989, the year of unification). The factors that interfere in atopic sensitization would also take effect thereafter 15 .
Another issue raised by the studies defending the beneficial effects of stimulation by orofecal infections for the immune system's maturation is that these are dose-dependent. In strong doses, the endotoxin would produce pneumonitis for hypersensitivity and would stimulate the release of inflammatory mediators. A better understanding is needed of what endotoxin dosage is protective and what dosage is a risk factor 6 . Gastrointestinal infections can also increase the risk of sensitization to nutritional proteins by way of the damaged mucous and increased intestinal permeability 16 The evidence that stimulation by infectious agents creates a protective effect against allergies suggests complex etiological mechanisms that are far from being fully elucidated.
The biological theories for explaining the findings revealed in the studies relating the increase in allergic diseases to the decline in infectious diseases are connected to advances in immunology that led to descriptions of cells -CD4 T-helper (Th) -the immune system's mediators. Recent studies seek to reveal how environmental changes can adversely affect these cells 17 .
The immunological explanation of the hygienic hypothesis is based on the discovery and classification of T-helper (Th) lymphocytes, according to the cytokines (protean hormones that play an important role in activating the immune responses dependent on T cells) secreted by these cells. The differential activation of these cells is important in the development of immune-mediated diseases. Th1 and Th2 cells are antagonistic. Allergic diseases arise as a result of a systemic imbalance characterized by a predominance of Th2 cells, whereas infectious diseases and many auto-immune diseases are directed by T-helper cell response with a strong predominance of Th1. The explanation for this inverse relationship between allergic and infectious diseases could be that in the absence of microbial stimuli (which exhibit Th1 predominance), the immune system would alter itself in favor of Th2 responses. The entire research effort was directed towards discerning the environmental and nutritional factors that would alter the immune system's function in favor of Th1 or Th2 responses 17 .
Autoimmune diseases (multiple sclerosis, insulin-dependent diabetes, Crohn disease) are attributed to a Th1 deviation. Contrary to the theory of antagonism between Th1 and Th2 cells, recent studies attribute these diseases to the same environmental and nutritional variations related to atopic diseases 17 . The prevalence of autoimmune diseases is also increasing, and this trend occurred after the same period as the tendency towards allergic diseases 1 ; autoimmune diseases also tend to appear more in small families with better socioeconomic conditions 17 .
Arguing with the support of these statements, Simpson et al. 17 propose that environmental changes in developed countries increased the susceptibility to immune-mediated diseases in general, favoring both Th1 and Th2 responses. These diseases would not be mutually exclusive but rather, on the contrary, associated. Another study reaffirms the association between allergic and autoimmune diseases in individual patients: in patients with diabetes and rheumatoid arthritis, the frequency of atopic diseases is higher 18 . The parallel increase in allergic and autoimmune diseases suggests common mechanisms in the basis of this protection mediated by the infection against immunity and allergy 1 and may be related to regulatory mechanisms defects 13 .
In a recent review, von Hertzen & Haanela 11 systematize the tendency towards change in the theoretical formulation of the hygienic hypothesis: previously the common infections during infancy were considered to be more important and the theoretical focus was on Th1/ Th2 antagonism. Now the orofecal and helminthic infections, exposure to lipopolysaccharides and domestic animals, growing up in a rural environment, and the composition of the endogenous microflora, having as a focus regulatory T cells and "toll-like" receptor T cells, are considered more important 11 .
Causality
The intense debate on the hygienic hypothesis and the formulations produced about autoimmune and allergic disease characteristics challenge the usual definition of diseases according to their causal agents.
This ascertainment is elaborated in the Allergy editorial. Antó 19 , dealing specifically with asthma etiology, states in this editorial that although in some cases medical science bypassed the complexity of disease origins by defining them according to their causal agents, this is probably impossible in the case of asthma. According to Antó, parallel to the ample increase in asthma prevalence in the Western world, there was also an epidemic increase in studies of its etiology. Contrary to the successful epidemiological studies of infectious and chronic disease etiologies, no consistent evidence was produced that points towards asthma's origins. Asthma's definition was and still is a controversial subject. "After two decades of intensive research about the origins of asthma without well established answers it is perhaps time to take a breath and look at the available data with different eyes" 19 (p. 123). The usual frameworks for explaining the origin of diseases are narrow for explaining the available data about asthma's origin, which suggests the need for new conceptual and interpretative references.
It is necessary to emphasize the importance of these considerations. The usual common references for defining the origin of diseases came about in the 19 th century, and the intense development of biomedical knowledge since then has remained faithful to the logic that explains disease origins by way of identifying the cause(s) which produce lesions (inflammations) related to the symptoms.
The specificity of causal agents for identifying disease origins was an important element in epistemological discontinuity and in the perceptive and discursive structure that shaped the foundations of modern medicine. Identification of microbiological agents responsible for specific inflammatory lesions was basic for defining infectious diseases. The development of bacteriology shaped and oriented important changes in medicine 20 .
The formulation of concepts such as infection, susceptibility, resistance, and carrier demonstrated that the presence of a specific causal agent is insufficient for the disease to occur. This does not bring into question, for infectious diseases, the existence of a specific necessary cause. In the case of chronic diseases it was not possible to identify a necessary cause 21 . The concept of sufficient cause was then defined as "a minimum aggregation of conditions and events that inevitably produce diseases" 22 (p. 8).
The epidemiological study of chronic diseases maintained causality as the axis of understanding. Epidemiology invested progressively in the technical-methodological elaboration of causal inference, using risk estimates. This development sought to build models capable of considering and probabilistically evaluating the strength, interaction, differentiated times of latency and induction, etc., of the causal components of an event (disease) 22 .
Nevertheless, there are still large gaps in our understanding that defy an explanation of diseases' differentiated expression or the ability of some individuals to resist aggressive agents 20 . The complexity of the majority and sometimes all of the components of a "complete causal mechanism" or of a "causal constellation" is unknown 22 (p. 8).
The concept of a predisposing factor causing disease, evaluated by risk analyses, is still imprecise. One of the limitations of epidemiological tools for understanding asthma's complex course over time and for producing more consistent information pertaining to its etiology, as the recent Allergy editorial mentioned, is the "confusing branch of causality-related terms" such as "predisposing, facilitating, precipitating, contributing, or exacerbating factors" 19 (p. 122).
The presence of these terms in contemporary epidemiological discourse is a sign that the old tension between cause and constitution, present in the polemical debate between contagionists and anticontagionists in the 19 th century, still exists. At that time, the idea of predisposition was defended by the anticonta-gionists. They conceived of disease as resulting from an imbalance involving all the interactive circumstances between the organism and the environment. The anticontagionists' ideas about predisposition were imprecise and formulated from a premodern discourse 20 . The contagionists considered predisposition an ignorant expression. It was neither visible nor evident and, therefore, could explain nothing 23 . The contagionist view brought victory to the values that defended the logic of specificity of diseases, arguing that they are defined by their causes 20 .
Today, asthma's characteristics (and those of other allergic and autoimmune diseases), described by recent theories, demand more precise concepts that refer to the organism's constitutive process.
In the etiological research on asthma, a different sort of formulation emerged. The claim that microbiological agents, initially identified as a necessary cause of infectious diseases, participate as elements forming sets of etiological factors in cardiovascular diseases and neoplasms already demonstrated the greater complexity of disease etiology. This erased the boundaries between communicable and noncommunicable diseases, in a context of a progressive weakening of the concept of the specificity of causes and diseases. So, in the case of asthma, it was additionally observed that microorganisms are also important elements in the immune system's constitutive process. Depending on the dose, the stage in the lifecycle at which exposure occurs, and other circumstances, microorganisms can be elements that collaborate with a healthy immune system's ontogeny.
From these studies the notion becomes explicit that depending on the circumstances, the cause of one disease can be a protective factor against another. More important than defining "causes" is the need to understand the process of constitution of the organism in relation to the environment.
Specificity
The value of specificity for diseases and their causes was also incorporated into the development of immunology. Certainly, the immune phenomenon was known before any theoretical formulation about it emerged. Some findings clearly showed immunity as a broader phenomenon. However, as a scientific discourse, the field of immunology emerged linked to the bacteriology. Immunity was defined as the power to resist infection, and the immune system was conceived as a defense structure against aggressive agents 24 It is not the objective nor is it within the scope of the current article to discuss the immune system or the clonal selection theory. What is most important here is that the process of constructing immunological theories that provide biological support for the hygienic hypothesis has come to reveal a provocative and paradoxical aspect of the tendency towards defining subtle specificities in immune structures and responses. From the multiplication and depth of the description of the specificities of immune reactions emerge an understanding of the disease contrary to the specificity: health and disease as a dynamic relationship of balance and imbalance; and the understanding that the biological processes that produce different diseases are interconnected in a complex manner.
This greater complexity tends to direct the etiological explanation from the logic of the specificity of diseases and their causes to the configuration of defective regulatory mechanisms that cause different diseases. Initially the immunological explanation of the hygienic hypothesis was based on the antagonism between predominantly Th1 or Th2 reactions, respectively favoring the development of infectious and autoimmune diseases or allergic diseases. Later, studies showed that contrary to the logic proposing antagonism between Th1/Th2 pathways, the absence of infections during infancy also favors the emergence of autoimmune diseases associated with and not antagonistic towards allergic diseases. As we saw before, the most recent studies propose that the presence of microbial stimuli during infancy, principally as a result of orofecal infections, is important for immune system maturation and this may prevent defects in this system's regulatory mechanisms that cause both autoimmune and allergic diseases.
The authors who discuss the hygienic hypothesis still refer to the idea of cause in the sense that their goal is to specify microorganisms and adequate doses and administration routes for preventing allergic diseases without causing infectious disease. However, the specificity of the cause becomes relative when the thrust of the etiological understanding points towards the immune system's regulatory mechanisms in their relationship with the environment. This is not meant to underrate the importance of searching for ways to intervene with the purpose of preventing and curing specific diseases. But it is important to have a clearer idea of the limited technical resources produced by medicine using this logic. One such limitation is the iatrogenic effects generated by these resources. The growing epidemic of allergic diseases in the Western world can be considered one of these effects produced, in part, by practices based on the generic idea that microorganisms cause diseases and are therefore enemies we must combat. As Bach affirmed 1 (p. 917), "there is a certain irony in the fact that we are now looking for new ways to reproduce the infectious diseases against which we have fought with so much success".
The view that the processes that explain disease etiology involve relationships of balance and imbalance provides biological support for the assertion that the study of molecular and structural characteristics of disease agents should be accompanied by an understanding of environmental, economic, social, political, and cultural contexts that inhibit or facilitate emerging epidemics 26 .
From causal ontology to ontogenesis of the body
The considerations presented in this paper lead to the hypothesis that recent research on the hygienic hypothesis indicates significant transformations in the understanding of diseases. These transformations surpass the etiological explanation via definition of the agent(s) causing an inflammation that produces an organic lesion and related symptoms. This can be better analyzed through a study of asthma, the principal disease examined in the hygienic hypothesis context. This description explains that asthma etiology, or what leads to hyperreactivity of the airways, is still unclear. The definition and presentation of the disease's characteristics are based in modern medicine's foundational scientific discourse: a relationship between stimuli (agents) and tissue produces an inflammatory reaction and consequent signs and symptoms. The stimuli that provoke asthma episodes have various natures. In epidemiological studies they are considered to be "risk factors" for the disease.
Asthma is defined as: "a chronic inflammatory disease of the airways that is characterized by increase responsiveness of the tracheo-
Recent etiological research has been directed not towards the allergenic stimuli that trigger a symptomatic asthma episode but rather towards factors that "can 'program' initial susceptibility to the sensitization or contribute to the development of asthma independently of atopic sensitization" 28 (p. 470). Allergens are undoubtedly responsible for the prevalence of asthma attacks. Therefore, the disease's etiology could be previously related to this "programming" of susceptibility that occurs in early infancy.
According to Antó 19 , separating asthma's incidence risk factors from its prevalence risk factors is one of the difficulties faced by epidemiology's conceptual and methodological instruments in the effort to unveil asthma's etiology. That distinction cannot be determined by evaluation of the presence of causal associations. Epidemiological studies carried out on asthmatics "can only talk about the disease's evolution, not about its origin" 19 (p. 121). The origin of asthmatic disease could be found in a complex genetic-environmental interaction that may begin even before birth 19 .
What can be stressed and closely examined from these considerations is that the focus of the etiological discussion thus shifts from the irritating agent that produces an inflammation to the ontogenic process that forms the asthmatic organism. It could be within the context of a genetic-environmental interaction that an individual would come to exhibit an asthmatic constitution.
To obtain a deeper understanding of this shift's importance it is worthwhile to briefly review some conceptions about disease ontology in the history of medicine.
Disease, from ancient times until the 19 th century, was understood as a being (onto) with its own existence, an entity. Within this conception, disease comes from outside; it is not part of human nature. One example, characteristic of the ancient world, is the association of disease with something that enters the body, like spirits or demonic possessions. The cure would be, in this case, an effort to expel the disease by way of magic treatments 29 .
Even considering the subsequent changes in medical thinking, it was only in the 19 th century that a new concept of disease became viable. Disease ontology was substituted by causal ontology as a result of a process that brought about profound changes in medical knowledge.
Foucault, in Birth of the Clinic 30 , points out the occurrence of a radical discontinuity in medical discourse between the late 18 th century and the first half of the 19 th century. This discontinuity allowed for the emergence of the anatomicoclinical that formed the basis of modern medicine. At the conclusion of his analysis of the trajectory of changes that occurred in medicine, the author recognizes in Broussais' thought the understanding that: " The development of bacteriology fits into this structure of medical knowledge. The definition of pathogenic agents (causes of lesions with pathophysiological consequences) allowed for the discovery of objective therapeutic interventions that could contribute towards human survival.
As we have already seen, in the 19 th century there were those who sought to prove the notion of predisposition, trying to find a disease's explanation in the body by way of its constitution. One of the most important examples comes from Virchow, a doctor who radically defended the anticontagionist ideas and resisted the inexorable course that led to identification of specific causes of diseases. In Cellular Pathology 31 he defined the cell as the essential base of medical knowledge, the morphological element at the core of every vital phenomenon, connected to life's continuity and conservation. The elements available for thinking about disease starting with the cell as the body's elementary morphological unit were insufficient for formulating a scientific proposal for the vague notion of predisposition. It was impossible to explain how predisposition towards disease materializes itself in the organism 20 . The cellular theory was the basis of modern medicine's etiological explanation principally as a result of experimental demonstration of unicellular organisms as its cause.
Today the questions that arise as a result of developing scientific biomolecular knowledge; of epidemiological evidence like that related to the hygienic hypothesis; and of the enigmas raised by complex diseases like asthma, allow us to foresee a new, important shift in the modern conception of organic disease.
Disease would no longer be explained by disease ontology, as a being with its own existence, or by causal ontology, as an anatomicophysiological process characterized by lesions produced by causal agents. The anatomicoclinical description provides for a level of understanding and intervention. Therefore, disease origins could be structured on another level of perception and depth: in the ontogenesis of the living being, in the constitution of the organism's immune system in its development process. The prefix onto would cease to correspond to being of disease and would correspond to being of the human body, that is, to its own organism.
The concept of autopoiesis, proposed by Maturana & Varela 33 , helps in the conception of ontogenesis. Autopoiesis is defined as the property of living beings that allows them to continually reproduce themselves. Ontogeny is the continuous structural change that occurs in an autopoietic unit. These changes are the result of a living being's own internal dynamic or brought about by its interactions with the environment. A disturbance in the environment does not by itself constitute a specification of the effects on the living being. It is the living being, in its structure, that determines its own change. The changes resulting from the living being's interaction with the environment are triggered by the disturbing agent and determined by the structure of that which is disturbed 33 .
These authors refer to the living being's organization and, accordingly, to the human being as an indissoluble totality. Perception, consciousness, and the function of the nervous system do not operate for the body but rather they are the body itself. It makes no sense to speak of spirit versus matter, ideas versus body 33 .
One of the most promising dimensions to have reached a concept of disease referenced by the organism's ontogenesis is the possibility of integrating the organic and psychological disease theories. Asthma and other allergic and autoimmune diseases are considered diseases with genetic, environmental, and psychological components. "Asthma is a good example of a frontier disease and it is as necessary to remind the researcher in psychology that the disease has a physical predisposition ... as it is necessary to remind the clinical doctor that this is a disease with psychological characteristics" 34 (p. 42). The psychosomatic nature of diseases is well known, but there are still insurmountable difficulties preventing the integration of explanations of the organic body's function and explanations of the psyche.
The organic, symbolic, and social dimensions are much more integrated than the modern frames of reference can reach in order to explain diseases and epidemic processes. Nevertheless, transformations are already underway that may expand the horizons of understanding and intervention in diseases and their historic transformations. 
Resumo

